Physicians handling workers compensation cases serve in a dual capacity not required of physicians treating non-workers compensation cases. Not only are they are asked to treat the workers' injuries and disability symptoms, but they are also frequently asked to evaluate the extent of economic damage done to a worker via the assignment of an impairment rating to certain types of injuries. Although physicians are trained to treat traumatic injuries as well as the symptoms of cumulative trauma processes, they generally receive no training in disability evaluation. The authors examine physicians ' ability to carry out their latter, "lost earnings capacity" assessment, role. Their multivariate regressions indicate that physicians' impairment ratings are poor guides to subsequent wage loss; impairment ratings explain no more than one-half of 1 percent of subsequent wage loss.
Generally the doctor giving the worker a rating is necessarily going beyond his medical training-i.e., the doctor is "out of school"-when making the assessment of damage sustained by the "out-of-work" injured employee. This article addresses whether impairment ratings assessed by physicians are a good guide of lost wages; namely, is a doctor's medical training helpful in assessing economic damage sustained by a claimant?
Following an injury on the job, all workers with lost-time claims (including the most severely injured) initially receive temporary total disability pay to partially compensate for lost wages after a short waiting period. These benefits generally continue until they return to work or, for the severely injured, until the worker's medical condition has stabilized at what is known as the point of maximal medical improvement (MMI). At the point of MMI, workers with residual medical impairments are divided into two groups: those whose injuries preclude any gainful employment are classified as permanent total claims, while those whose injuries allow them to return to work are classified as permanent partial disability claims.
1 Permanent total disabilities are relatively rare, accounting for only about .3 percent of all national worker compensation claims receiving some type of disability pay, but because of their severity, permanent total disabilities account for about 6 percent of total system costs. Permanent partial disabilities, on the other hand, account for 23 percent of national disability claims and 63 percent of total claim costs (Appel and Borba, 1988, p. 4) .
Nineteen states, including Minnesota, from which the authors' sample was drawn, use an impairment rating approach to help determine benefits. 2 The impairment rating approach to compensating permanent partial injuries is based on the physical or mental impairment of the claimant at the point of maximum medical improvement. The impairment assessment is generally expressed as a percentage that indicates the extent to which the injury limits motion, sensory perceptions, or physiological function. The assessment is made without regard to the claimant's vocation, age, or skill level. Hence a concert pianist would receive the same workers compensation benefits as the college professor for loss of the left hand, even though the latter's earning capacity was not affected as much by the injury. This is because the award is made prospectively, before actual wage losses are observed.
The data used in this study come from workers compensation claimants in Minnesota, where physicians' assessments are based on the Minnesota Permanency Schedule. This schedule was intended to make more objective the evaluation of whole-body disability associated with particular medical conditions in order to decrease litigation and other friction costs associated with disagreement about disability ratings among the system participants. Under the 1984 Minnesota Permanency Schedule, any condition without a specified rating was rated like the most similarly rated condition (the process in effect during the authors' 1989 sample period).
One complicating aspect of Minnesota permanent partial disability (PPD) benefits was a two-tier reimbursement system in effect during the authors' sample period. The 1983 workers compensation legislation included a two-tier reimbursement formula to determine for PPD benefit amounts. This system stayed in effect until October 1995. Under this system, there are two types of reimbursement: impairment compensation (IC) and economic recovery compensation (ERC). ERC is used when an employer has not offered an injured employee a suitable job within 90 days of that employee having reached MMI. IC benefits are lower than ERC benefits to encourage employers to find suitable employment for their injured workers. This statute led to much dispute about the definition of the suitability of the job offered, both in terms of the work and the wages.
If an employee with a permanency rating was offered a suitable job within 90 days of MMI, the compensation for his or her permanency was determined by the schedule in Table 1 , below. The amount was determined by multiplying the number of PPD points by the appropriate dollar amount on the IC table. The money was paid to the employee in a lump sum after 30 days of work were completed successfully. If the employer offered a suitable job, and the employee refused it, the IC amount was awarded for the permanency as determined by Table 1 but given to the worker at the same rate as his or her temporary total disability (TTD) benefits and not in a lump sum. If no suitable job offer was made to the injured employee within 90 days of reaching MMI, a different method was used to calculate benefits associated with a permanent injury. In this case, economic recovery compensation (ERC) was paid in accordance with Table 2 . To determine reimbursement amount under ERC, the percentage of disability was multiplied by the number of weeks of compensation per rating point found in Table 2 , then multiplied by the employee's compensation rate at the time of the in- ERC was paid at the same weekly rate as the employee's TTD benefits until the employee returned to work for 30 days. At this point, any remaining ERC benefits were paid in a lump sum to the employee. Consider a claimant receiving $391 per week, the maximum temporary benefit in 1989, and who-at the point of MMI-receives a 5 percent impairment rating. If the worker received a suitable job offer from his or her employer, then his or her benefit would be calculated according to Table 1 : five (the impairment rating) times $750, or $3,750. If the employee did not receive a suitable job offer within 90 days, then his or her award would be equal to five (the impairment rating) times six (from the schedule in Table 2 ) times $391, or $11,730. From an administrative point of view, the intent of the two-tier system was to encourage firms to re-employ their seriously injured workers. Because of obvious incentive problems, the effect was to engender a lot of litigation over whether a given job offer was "suitable."
The differential between IC and ERC benefits increases with the impairment rating, and this cost differential would be paid by fully experience-rated and self insuring firms. For these firms, the higher impairment rating provides greater re-employment probabilities and a lowered potential wage loss at the margin. This would weaken the link between higher permanency ratings and wage loss. However, there are three reasons the authors believe that the two-tier system will not distort whatever relationship may exist between wage loss and permanency ratings: (1) virtually all permanency ratings ended up being classified as IC ratings, (2) all firms in the residual market have limited experience rating, and so their insurance premiums do not fully reflect ERC and IC cost differentials among their claimants, 3 and (3) about two-thirds of the workers receiving permanency ratings have a rating of less than 7 percent, and only one-fifth of one percent have ratings greater than 25 percent (moving them into the next cost bracket under Tables 1 and 2 ). ERC ratings generally are only relevant for those with higher ratings. To control for differences in ERC and IC awards, in the empirical research reported below the authors originally included an IC dummy variable in the specification. In the simple specifications (without demographic, industry, occupation, and nature of injury control variables) the IC variable was negative and usually statistically significant, though none of the results changed: the impairment variables did not become more statistically significant, and the overall R 2 increased very little. In the specifications with the control variables, the IC dummy variable was statistically insignificant. 4 In 1989, cases with stipulated benefits (contested claims in which a legal settlement between the worker and the insurer had been reached) accounted for 18.2 percent of all indemnity claims filed with the Department of Labor and Industry, while cases with recorded PPDs accounted for 23.6 percent of all cases with more than three days of lost time. Unfortunately, it is not clear how many of the stipulated claims implicitly contained permanency ratings in them. It is likewise unclear whether the distribution of PPDs in stipulated cases followed a similar pattern in terms of rating distributions. It is possible that stipulated claims with particularly high benefit payments had received a PPD rating but did not have the permanency rates written in their workers compensation records. The authors' sample excludes stipulated claims that do not explicitly record a permanency rate. However, because the authors knew which claims were stipulated and without a permanency rating, they could adjust the wage loss regressions using the Heckman sample selection technique in the specifications reported below.
The sample selection variable ( M ) turned out to be statistically significant in most of the specifications, but these corrections made no difference to the results reported below and are not reported here.
Though Burton and Vroman considered the same types of injuries as those focused on in this analysis, they did not examine how well the impairment ratings tracked lost wages. A recent study by Peterson et al. (1998) on permanent workplace injuries in California has begun to fill this research void. Consistent with the research design used for this study, they obtained wage history data from the California unemployment agency and matched this with workers' compensation administrative records, tracking wages for claimants before and after the injury. They report actual replacement rates varied by the impairment rating (suggesting that impairment ratings are not good predictors of wage loss), and they find that permanency ratings do a particularly poor job of predicting wage loss at lower levels of disability. Some of these issues are examined below for the Minnesota sample.
Although Sinclair and Burton (1995) do not examine permanency ratings and wage loss, they do compare permanency ratings with quality-of-life measures generated from a survey of injured workers in Ontario, Canada. Their analysis was in preparation for a workers compensation statute that sought to compensate workers not only for work disability (and, hence, loss of earnings or earning potential), but also for noneconomic, quality-of-life losses. They asked 12,000 injured workers to benchmark 78 medical conditions covering a variety of impairments. The responses of the injured workers (and a noninjured control group) indicate that: (1) the correlation between the permanency rating and workers' quality of life lost ratings is very low and (2) permanency ratings in Ontario significantly underestimate the quality of life losses perceived by injured workers for the 78 injuries/diseases they examined. The estimates in the next section seek to examine whether permanency ratings also correlate poorly with actual wage loss.
AN ECONOMETRIC MODEL OF IMPAIRMENT ASSESSMENT
In the absence of an injury, the worker is assumed to have a weekly wage of WG and work WK number of weeks per year. The physician estimates the fraction of the worker's earning capacity that has been lost because of the injury. This fraction is known as the impairment rating. Wages may be reduced either because the worker, while returning to work full time at WK weeks, cannot do his or her former job and hence will end up with the lower-paying job, or because the worker can return to his or her former job at wage WG but cannot work as much. The authors' "impairment rating" econometric model captures both types of assessments: the impairment rating is assumed to be based partly on how the physician believes that the injury will affect the worker's weekly wage and partly on how the physician believes the injury will affect the number of weeks that the injured claimant can work. For a given impairment rating IMPR, the weekly wage is assumed to be reduced by the fraction G IMPR (where G is a constant, so that the observed wage after the injury would be WG[1-G *IMPR]), and the number of weeks worked would be reduced by the fraction IMPR (where H is another constant, so that the observed weeks worked after the injury would be WK[1 -H IMPR]). Since lost wages are the difference between pre-injury wages and post-injury wages, the percentage reduction 6 in lost wages for the "average worker" would be
where WG*WK is the average wages before the injury and
is the post-injury wages for the worker with an impairment rating of IMPR. Subtracting terms on the right side of Equation (1), and assuming that ln(1 + X) is approximately X for values of X close to zero, 7 then the percent reduction in wages for the average worker becomes
Note that if the impairment rating is based on just lost weekly wages, is based just on lost weeks worked, or is based just on the total wages lost (so that there is no implicit separate evaluation for reduced hourly earning potential and reduced work stamina), then the second right-side term drops out of Equation (2) and the percent reduction in wages would be a linear function of the impairment rating. In the more general model, with both the reduction in the weekly wage rate and the weeks worked being evaluated separately, lost wages will be a quadratic function of wages. If lost wages are regressed on the impairment rating and its squared value (IMPR, IMPR
2 ) then the model should provide a fairly good fit, with higher impairment ratings associated with greater lost earnings.
Although Equation (2) models the typical worker's wage after an injury, some workers will get more or fewer wages than the typical worker. Though we know the workers' pre-injury wage, not all workers are employed for the typical WK number of weeks. To complete the model, each individual worker is assumed to vary from the typical, fulltime schedule according to a random variable factor of proportionality, N . Since this factor of proportionality captures differences in pre-injury variations in work weeks, it should be uncorrelated with the impairment rating, IMPR. Thus, Equation (1), adjusting for variations in work weeks across individuals, becomes
Given the model of the impairment process in the last term, Equation (2) indicates that the right-side difference will be a quadratic function of the impairment rating if physicians are accurately pre-assessing wage loss through the impairment rating system. The term
is the observed wage loss, WG is the observed pre-injury weekly wage, and WK for a full-time worker is approximately 50 weeks. The unobserved random variable, N , is the factor of proportionality that accounts for variation across individuals in weeks worked (as well as deviations from the observed pre-injury wage from a worker's usual pre-injury wage). Then the specification for wage loss becomes
Since N is log-normally distributed, then ln( N ) will be normally distributed.
8 The specification in Equation (4) indicates that the log difference in pre-and post-injury wages should be modeled as a quadratic regression with IMPR and IMPR 2 as the independent variables.
9 If the impairment rating process is accurately assessing wage loss, then the following should be observed:
1. The overall fit of the regression equation should be significant, with the R 2 indicating how much of the variation in wage loss is explained by the impairment rating process, and 2. The IMPR and IMPR 2 coefficients should be statistically significant and quantitatively important. This is the test the authors make in the next section.
PERMANENCY RATINGS AND WAGE LOSS IN MINNESOTA
Before examining the estimated regression function corresponding to Equation (4), wage losses and the wage loss ratios are presented in Table 3 .
As indicated above, lost wages in Table 3 are the difference between the potential annual earnings of the injured workers defined as their pre-injury weekly wage multiplied by 50 (assuming they are paid for 50 weeks per year on average), and the actual wages they received after their injury. The actual wages were gathered from the quarterly wage data supplied to the Minnesota Department of Employment Security by the 8 In formal tests for normality of the residuals for the specifications in Table 4 , the authors used a Kolmogorov D-statistic. Not unsurprisingly, given their large sample, the D-statistic rejected the normality assumption. 9 In the empirical specification, the authors assume that the average worker is employed the equivalent of 50 weeks per year. The inclusion of the intercept allows the actual number of weeks to deviate from that assumed value, making the results robust relative to that assumption.
Note that the error term may also capture deviations in wages for those who appear to have no wages in the Department of Employment Security data set even though they left the state and are working elsewhere. For this sample of severely injured workers, given the generosity of the Minnesota workers compensation relative to the surrounding states (Minnesota pays significantly higher benefits than any of the contiguous states), and the very low unemployment rates during this period, the authors do not expect sample attrition to be a significant problem. injured worker's respective employer. Hence, for the data in the first left column of Table 3 , four quarters of workers' wages were collected beginning in the quarter after the reported injury. 10 For this study, the authors included data on all workers with impairment ratings in 1989, with their respective wages reported for the next four years (through 1993). For example, suppose a worker reported an injury occurring on December 15, 1989, and he or she had a pre-injury wage of $400 per week. His or her potential wages would be calculated as 50*$400 = $20,000 for the next year [this is the WK*WG term in Equations (1) - (4)]. This is compared with the individual's actual wages, as reported by his or her employer(s), for the next four quarters, beginning in the first quarter of 1990. If the individual's actual wages for this period were $18,500, then we would record his or her lost wages as $1,500, and the "lost wages/potential wages" ratio would be 0.075. If he or she had no recorded earnings for the next four quarters, then lost earnings would be recorded as $20,000 with a "lost wages/potential wages" ratio of 1. Lost earnings were recorded for the first four quarters after the injury in the "One year after" column, for the first 8 quarters after the injury in the "Two years after" column, etc., so that the losses were cumulative. All data were adjusted for inflation and were reported in 1982 through 1984 dollars.
One important pattern revealed in Table 3 is the relative constancy in lost earnings for those with impairment ratings under 25 percent. The absolute losses incurred each year are roughly the same as the first year's losses. In the 5-10 percent impairment group, for example, $3,944 are lost in wages for the first four quarters after the injury. An additional $3,537 is lost on average in the second year ($7,481 -$3,944); $3,780 in the third year ($11,261 -$7,481), and $3,735 in the fourth year ($14,996 -$11,261). The pattern holds for the other groups as well, and it is reflected by the relative stability of the fraction of lost wages relative to potential wages within an impairment rating group over time. This is expected since the impairment rating is made after MMI so that significant deterioration in a worker's health would not be expected. Only for those 12 cases in which the impairment rating is more than 25 percent is there a substantial increase in the fraction of lost wages over time (from 43 percent lost wages in the first year to a cumulative 54 percent by the end of the fourth year).
The other important pattern illustrated in Table 3 is that lost wages do not seem to increase significantly as the impairment rating increases. If the impairment ratings doctors gave were an accurate reflection of wage lost potential, then one might expect to see a doubling of lost wages when going from the 0-5 percent impairment group to the 5-10 percent impairment group and a tripling when going from the 0-5 percent impairment group to the 10-15 percent impairment group. Instead, wage losses increase only modestly with higher impairment ratings, and they even fall when going from the 5-10 percent group ($3,944) to the 10-15 percent group ($3,467) . This strongly suggests that the impairment ratings are relatively poor predictors of lost wages.
However, the results in Table 3 do not prove that impairment ratings are poor predictors of subsequent wage loss for two reasons. First, the simple descriptive statistics do not control for other demographic, industry, and occupational effects. Second, since most of the awards are IC awards that depend on the permanency assessment but not on actual level of wages, then only one dimension of the "wage loss" is really being assessed in most cases: namely, expected weeks off the job, which is the H -type loss in Equations (1) through (4) above. In the econometric specifications in Table 4 and Appendix Tables 1 and 2 , the authors addressed these problems by including other control variables in the regression specification, including pre-injury wage.
11 Table 4 indicates that impairment ratings are, indeed, relatively poor predictors of lost wages for injured workers, even after all other factors are held constant. In Table 4 , the Equation (4) specification results are reported in columns 1, 3, 5, and 7 where the difference between the log of potential wages and log of actual wages is regressed only on the impairment rating, the impairment rating squared, and the pre-injury wage (to account for the two-tiered compensation scheme). The R 2 statistics reported in the fourth Note: ***significant at the 1 percent level; **significant at the 5 percent level; *significant at the 10 percent level from the last row indicate that the impairment ratings do not explain more than onehalf of 1 percent of the actual variation in the lost earnings across injured workers, despite the presence of the pre-injury wage as an additional regressor.
The impairment ratings coefficients are individually insignificant in the "Losses First 4 Years After" regressions and only marginally significant for IMPR (but not IMPR 2 ) in the other three regressions. Because of the large sample size, the impairment ratings are jointly statistically significant in all eight regressions in Table 4 , as indicated by the F-test statistics reported in the next-to-last row.
12
The results in Table 4 are the most favorable that the authors obtained. In Appendix Table 1 , an alternative and equally reasonable specification of the lost earnings are estimated with the ratio of lost earnings to potential earnings as the dependent variable. The R 2 values for these models are always lower than even the low values in Table 4 and the estimated IMPR or IMPR 2 coefficients even less statistically significant.
What does explain wage loss?
In columns 2, 4, 6, and 8 of Table 4 (and in Appendix  Table 1 ), the basic specification in Equation (4) has been supplemented with the type of demographic data typically found in the worker's compensation files, including: basic demographic information, industry, occupation, and type of injury. The inclusion of these other factors improves explained variation in lost wages from less than one-half of 1 percent to between 2.5 and 5 percent, but this still leaves most of the variation in lost wages unexplained. 13 Among the significant factors in explaining losses are age, gender, 14 the benefit/wage replacement ratio, and some occupational and industry dummy variables.
RE-EVALUATING PHYSICIANS' PERMANENCY RATINGS
Using a detailed, objective standard for impairment ratings such as the American Medical Association's Guides to the Evaluation of Permanent Impairments is alleged to offer the advantage of reducing variance in permanency ratings across physicians by providing a uniform guide to rating permanent partial injuries. This seems plausible to the authors, as the use of a detailed standard reduces the influence of external factors such as geography and age. But even if detailed guides improved the reliability of the rating system in the sense that those using the rating scheme generally come up with the same permanency rate when faced with the same impairment, this does not mean that they provide an "accurate" assessment of workers' actual loss of functional use of their injured body parts nor of workers' potential loss in wage-earning capacity. That is, this study is not about the reliability of such schemes but about their validity. In particular, how well did the Minnesota permanency guidelines predict future wage 1 2 As referees pointed out, the results would be even stronger if the authors had additional wage data before the injury (quarterly data reported by the employers) and a longer time series after the injury. Their advice is excellent, and the authors hope that future researchers will gather such data for their analyses. In the present case, the 1989 claims data and the 1990 through 1993 wage data were all that the authors could get for this article. 1 3 Also note that the significance of the IMPR, IMPR 2 coefficients is not improved by the inclusion of other factors. 1 4 The authors partitioned the data by gender and ran all the models in Table 4 and Appendix  Table 1 separately for males and females to see whether the fit or statistical significance improved. They did not. The coefficients' remains were less significant than those reported here, and the R-squares were no greater.
loss? Even if all physicians now come up with the same rating for the same impairment, does that rating indicate much about the actual wage loss? The answer, apparently, is no.
What this research shows is that the use of detailed guidelines in Minnesota has resulted in impairment ratings that explain less than one-half of 1 percent of the variation in lost wages, whether those wages are measured as (log) differences or the ratio of lost wages to potential wages. When the authors controlled for worker demographics, industry, worker occupation, and type of injury, the explanatory power of the impairment ratings was further reduced. And there is no reason to suppose that Minnesota physicians, accustomed for a long time to managed-care initiatives and guidelines, use guidelines any less well than do physicians in any of the other states. That is, there is no reason to suppose that the same problem with validity does not plague other states relying chiefly on impairment ratings in determining PPD benefits.
This suggests that, to the extent that they are meant to capture wage loss, impairment rating systems provide little useful information to workers compensation administrators and the workers compensation system. Critics of the guidelines abound, noting that they often reveal little about disability 15 and offer flawed promises of objectivity 16 (i.e., they are not valid indicators of wage loss). Our evidence from Minnesota supports those views.
The authors' evidence further indicates that the hybrid "loss of wage-earning capacity" approach does better at predicting wage loss, inasmuch as it adjusts the medical impairment ratings for such factors workers' demography and job circumstances. That is, regressors controlling for gender, age, industry, and job type increase the explanatory power of the model tenfold (however, this is not a particularly strong statement given the extraordinarily poor explanatory power of the impairment ratings). California employs such a system, and this might explain why the Rand study (Peterson et al., 1998) seemed to find slightly more explanatory power in its permanency ratings than the authors do with the Minnesota sample.
Clearly, if only "statistical reliability" matters, then impairment rating systems-such as those employed in Minnesota-may work fine. However, to the extent that impairment ratings are meant to reflect potential wage loss, pure impairment rating systems do not provide valid guidelines.
1 5 Norton Hadler (1992) argues that "Adhering to the [American Medical Association's] Guides in attempting to quantify impairment is in my opinion an unappealing, if not Orwellian, exercise, and not just for musculoskeletal diseases but for all diseases. Even the authors of the Guides discourage extrapolations from impairment to disability or handicap. Here I am in accord with this publication; the numbers generated by following the AMA Guides offer little, if any, insight into disability. It follows that this tedious, often expensive, stultifying examination is a sophism." 1 6 Ellen Smith Pryor (1990) observes: "The Guides is not the objective, medical evaluative system that it purports to be and that has been so appealing to legislators and other decision makers. Instead, like any impairment rating scheme, it rests in large part on important and difficult normative judgments. Yet the Guides obscures this from the reader; it is laden with hidden or poorly explained value judgments that frequently are gender based. The Guides flawed promises of objectivity are especially troubling because they appeal to the craving of legislators and other decision makers for certainty and clarity in the difficult arena of impairment and disability assessment." 
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